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Abstract. – OBJECTIVE: From the beginning 
of the novel coronavirus infection (COVID-19) 
pandemic in the world, much efforts have been 
accomplished to explain a precise clinical fea-
ture for the disease and to find the best thera-
peutic approach for the patients. Although co-
agulation abnormalities have found in novel 
coronavirus infection (COVID-19) patients, still 
little is known about the association between 
the disease and changes in coagulation param-
eters. Our purpose is to evaluate the differences 
between the coagulation parameters between 
COVID-19 patients and healthy counterparts. 

PATIENTS AND METHODS: 63 patients with 
confirmed COVID-19 infection were admitted 
to the present study. We evaluated coagula-
tion value in these patients and in 40 healthy 
individuals. 

RESULTS: We found that although there was 
no significant difference between PT and PTT 
values in patients and healthy counterparts, the 
fibrinogen values in patients were higher than 
the control group (p < 0.05). Moreover, the val-
ues of fibrin/fibrinogen degradation products 
(FDP) and D-dimer in all COVID-19 cases were 
considerably higher than those in control peo-
ple (p < 0.05). Of note, FDP and D-dimer in pa-
tients with regular COVID-19 infection were low-
er than patients with severe forms. 

CONCLUSIONS: It seems that the conduc-
tion of routine blood coagulation test could be 
a beneficial supplementary approach for ear-
ly diagnosis of COVID-19. In addition, our study 
shed more light on the therapeutic value of an-
ti-coagulant-based treatment for COVID-19 pa-
tients, especially for those with severe type of 
the disease. 
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Introduction

It was in December 2019 that coronavirus dis-
ease 2019 (COVID-19) cases have emerged in 
town of Wuhan, China and very soon this dis-
ease spread throughout the world1. The dramatic 
increase in the number of affected patients in 
a short term made World Health Organization 
(WHO) to announce the pandemic emergency for 
this disease. According to the recent statistics of 
WHO, the disease has affected the whole world, 
with over 19 million diagnosed cases in all dif-
ferent countries, and nearly 700,000 deaths until 
August 10, 20202,3. The growing case of patients 
with COVID-19 significantly reveals the high risk 
of human-to-human transmission. However, Li et 
al4 reported the vertical transmission in women 
infected with COVID-19 during late pregnancy is 
still uncertain. The spectrum of clinical manifesta-
tions is broad, but among hospitalized people with 
COVID-19 the incidence of pneumonia, sepsis, 
respiratory disaster, and acute respiratory distress 
syndrome (ARDS) are quite high5. 

The pathophysiology of ARDS COVID-19 has 
similarities to severe acquired pneumonia caused 
by other microorganism (bacteria or virus). In 
fact, the excessive production of pro-inflammato-
ry cytokines increase the risk of vascular permea-
bility, coagulopathy and multi organ failure, lead-
ing to patient’s loss of life6,7. Although diverse 
reports have allocated to the clinical manifesta-
tion of COVID-19, still there is little evidence 
about the incidence of coagulation abnormalities 
in patients8. Given this, we designed a study to 
evaluate the differences between the coagulation 
parameters between different COVID-19 patients 
and healthy counterparts. 
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Patients and Methods

Study Population
A total number of 63 patients diagnosed with 

COVID-19 in Amiralmomenin Hospital (Arak 
University of Medical Sciences, Iran) were en-
rolled in the present study. Moreover, the blood 
samples from 30 healthy volunteers were col-
lected as the control group. The diagnosis of 
COVID-19 patients was according to World 
Health Organization guidelines9 and confirmed 
by RNA detection of the Corona virus-2019 in 
the clinical laboratory of Arak University of 
Medical Sciences. The control population was 
subjected to the same tests, including clinical 
examination, chest x-rays and real-time Reverse 
Transcriptase-Polymerase Chain Reaction (RT-
PCR) for COVID-19. The results of all tests were 
negative for the control group. The Consent form 
was accepted by the Research Ethics Committee 
at the Arak University of Medical Sciences (ID 
number: IR.ARAKMU.REC.1399.103) and was 
obtained from every participants in accordance 
with the Deceleration of Helsinki.

Sample Collection and Perform Tests
A total of 1.8 cc intravenous bloods were taken 

from each participant in the study, which was 
mixed with 0.2 cc of sodium citrate. Then, the 
samples were centrifuged at 1400 g for 10 min, 
and the removed plasma was transferred to plastic 
tubes and stored at 4οC. Due to the instability of 
some coagulation factors, the tests were done 30 
min after sample preparation. Coagulation tests, 
which included prothrombin time (PT), interna-
tional normalized ratio (INR), activated partial 
thromboplastin time (APTT), fibrinogen (FIB), 
fibrin/fibrinogen degradation products (FDP) and 
D-dimer were conducted using a Rayto RT2202 
automatic coagulation analyzer (Rayto Life and 
Analytical Sciences Co., Shenzhen, Guangming 
New District, China). Clinical and laboratory 
manifestations were collected through routine 
clinical work and all experiments were performed 
in triplicate and values were reported as mean 
plus and minus standard deviations (Mean ± SD).

Statistical Analysis
All the statistical analysis was done using the 

SPSS software version 23.0 for windows (SPSS, 
Inc., Chicago, IL, USA) and the GraphPad Prism 
6 software (GraphPad, Inc., La Jolla, CA, USA). 
Shapiro-Wilk and the Kolmogorov-Smirnov tests 
were utilized to evaluate the normal distribution 

of each experiment in COVID-19 patients and 
in the control group. All measurements were ex-
pressed as mean and standard deviation. Regard-
ing the state of normal distribution, student t or 
Mann-Whitney U tests were used. According to 
the homogeneity of variance, multiple compari-
sons were conducted by using the Bonferroni test 
and the Tamhane test, respectively. p-values of less 
than 0.05 were considered statistically significant.

Results 

Clinical Profiles of Patients and Controls
Among all patients, the mean age of the sub-

jects at the time of diagnosis was ~46 years. 
Notably, 61% of the specimens (38 out of 63) 
were collected from male and 39% of the speci-
mens (25 out of 63) were harvested from female 
patients. For having a similar control group, we 
collect our control samples from 40 individu-
als, which 28 of them were males (70%) and 12 
of them were females (30%). The age of both 
patients and control group were similar to each 
other. None of the patients had a history of taking 
anticoagulant medications before blood collect-
ing. The demographics and clinical characteris-
tics of patients with COVID-19 are summarized 
in Table I.

aPercentages based on a total of 63 patients. bErythrocyte 
Sedimentation Rate (millimeter/Hour). cC-Reactive Protein.

Table I. Demographic and clinical characteristic of the pa-
tients.

 Study % of patient
 population samplesa

Sex
Male 61
Femal 39
Age (Years) 
Median (32) 
Range (1-64) 
0-21  8
21-35 25
35-55 51
> 55 16
ESR (mm/h)b 
Median (25.34) 
Range (1-90) 
0-10 21
10-20 36
20-30 24
> 30 20
CRP (Qualitative) 
Negative (4%) 
Positive (96% ) 
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Coagulation Parameters of COVID-19 
Patients and Control Groups

The differences in coagulation function be-
tween COVID-19 patients and healthy coun-
terparts included the evaluation of six factors. 
Compared to control population, we found the 
non-significant increase in PT and INR levels 
(PT: 12.84 ± 1.02 second vs. 12.01 ±1.17 second; 
p >0.05, INR: 1.17± 0.11 vs. 1.06 ± 0.07; p >0.05) of 
COVID-19 samples. However, there was no sig-

nificant difference between the values of APTT in 
the patient and control groups (30.02 ± 1.74 sec-
ond vs. 29.41 ±1.74 second; p > 0.05). Noteworthy, 
while FIB quantity in COVID-19 patients was 
higher than those in the control group (5.79 ± 1.04 
g/L vs. 3.34 ± 0.74 g/L; p < 0.01), the parameters 
of D-dimer (11.17 ± 5.84 ng/L vs. 0.8 ± 1.12 ng/L; 
p < 0.001) and FDP (29.94 ±17.17 mg/L vs. 1.01 ± 
3.02 mg/L; p < 0.001) were higher in patients as 
compared to the control group (Figure 1A).

Figure 1. A, The comparison coagulation values between COVID-19 patients and control group. PT, prothrombin time; 
INR, international normalized ratio; APTT, activated partial thromboplastin time; FIB, fibrinogen; FDP, fibrin/fibrinogen 
degradation products; D-dimer. Values are given as mean ± standard deviation of three independent experiments. *p ≤ 0.05 
represented significant different from the control. B, Comparison of coagulation characteristics between different stage of 
COVID-19 patients and control group. Patients were divided into three groups according to clinical phenotype: regular (N=31), 
severe (N=24) and critical (N=8). Values are given as mean ± standard deviation of three independent experiments. *p ≤ 0.05 
represented significant changes from the control. 
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Coagulation Parameters of 
Three Subdivisions Patients 

The complete cohort of COVID-19 patients was 
then divided into three groups, namely demon-
strating a regular, severe, or critical clinical phe-
notype. The coagulation characteristics in these 
three groups are shown in Figure 1B. Our results 
showed that while the PT values was different be-
tween the regular, severe and critical patients, the 
values of INR and APPT was somehow the same 
in all patients group (p > 0.05). Moreover, the 
D-dimer value was significantly higher in severe 
patients as compared to other subdivision of the 
patients. Multiple analysis permitted us to define 
that D-dimer values were significantly different 
between mild (i.e., regular) and severe disease 
groups. Similar results were obtained for FDP 
values, which its value was remarkably higher in 
the sever patients in comparison to patients with 
mild disease. Notably, although all COVID-19 
patients had higher FIB values than healthy indi-
viduals, the FIB quantity did not vary in different 
subdivision of patients (Figure 1B).

Discussion

According to the latest findings, the number of 
patients with COVID-19 is unfortunately increas-
ing day by day10. This has made the progression of 
this disease is still a globally daunting challenge 
for clinicians and healthcare systems11. As addi-
tional clinical characteristics are identified about 
COVID-19 infection, the similarity between this 
disease and SARS virus became more evident12. 
Although the mortality rate of COVID-19 infec-
tion is much lower than SARS, the patients with 
severe or critical infection are at higher risk of 
developing acute respiratory distress syndrome 
(ARDS). Moreover, the patients with ARDS are 
hospitalized in intensive care unit (ICU)13. Giv-
en this, the precise diagnosis and monitoring of 
disease progression from the early stages is vital, 
otherwise it would have clinical consequences14. 

Thus far, numerous clinical symptoms have been 
enumerated for COVID-19, which among them the 
induction of disseminated intravascular coagulation 
(DIC) has shown to have a remarkable relation with 
patient’s death15. In these patients, DIC is progressed 
due to the release of the cytokines from monocytes 
and endothelial cells. After the development of DIC, 
both the tissue factor and von Willebrand factor 
(VWF) are exposed on the damaged tissue16. This 
event coupled with the circulation of free thrombin, 

can activate platelets and stimulate fibrinolysis. Giv-
en the high frequency of DIC in COVID-19 patients 
and the tight association between DIC and coagu-
lation pathway, it was of particular interest to test 
the level of coagulation parameters in COVID-19 
patients17. Of note, our results showed that while 
FDP and D-dimer values were found to be higher 
in COVID-19 patients as compared to healthy in-
dividual, the fibrinogen levels in the patient group 
showed a significant promotion. More interestingly, 
we found that there was a correlation between the 
severity of COVID-19 disease and the levels of FDP 
and D-dimer. 

In a previous study, Gralinski et al18 have in-
dicated that perturbation of the urokinase axis 
during coronavirus contamination participates to 
more severe lung injury. Moreover, the results of 
their reports introduced a protective role for plas-
minogen activator inhibitor-1 in viral infections18. 
Furthermore, Berri et al19 showed that plasmino-
gen could increase the inflammatory responses 
in influenza by regulating fibrinolysis. Based on 
these findings and the elevation of D-dimer and 
FDP in patients with severe condition, it could be 
postulated that fibrinolysis may be involved in the 
pathogenesis of COVID-1920. The augmentation 
in D-dimer value in patients with COVID-19 has 
provoked inquiries that patients with severe type 
of the disease might be at the danger of synchro-
nicity of venous thromboembolism and aggravat-
ing ventilation-perfusion disparity. Accordingly, 
the results of the previous reports suggested that 
the incidence of respiratory emboli is a common 
event in patients with severe type of COVID-1920. 
Apart from management of venous embolism, it 
has been indicated that coagulation activation go 
beyond clotting and could have crosstalk with 
inflammation, which in turn can considerably 
affect disease development and lead to poor con-
sequence21. These findings shed more light on the 
importance of anti-coagulant agents in the treat-
ment of severe COVID-19 infection; however, 
due to amplified risk of bleeding, clinicians might 
be reluctant to offer it to all patients22. 

Conclusions

Taken together the results of our study indi-
cate that the coagulation system in patients with 
COVID-19 may be impaired compared with a 
healthy control population. The findings of the 
present research declared the association between 
the COVID-19 infection and the alteration in 
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coagulation system. Moreover, it seems that not 
only the conduction of routine blood coagulation 
test could be a beneficial supplementary approach 
for refining early diagnosis of COVID-19, but also 
the application of anti-coagulant-based treatment 
could be befitting for these patients, especially in 
severe conditions.
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